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Abstract 
       Customer satisfaction is considered as the most important factor in designing a product ergonomically. Products should 
satisfy customer’s choice of preference in terms of their comfort level. So choosing a product with optimum design 
characteristics in order to achieve customer satisfaction is essential. Since it is difficult to find out an optimum set of design 
parameters for a product in order to meet all customers’ need, a feasible way considering Multi Criteria Decision Making 
(MADM) approach is used to select a product carrying all the specified function. This paper proposes a framework of MADM 
based on Višekriterijumsko kompromisno rangiranje (VIKOR) method to select ergonomically designed office chair in order to 
improve the comfort level. Keeping customer preference in mind ten design characteristics (attributes) and six alternatives are 
considered to develop the framework. The proposed method considers decision maker’s (DM’S) preference to judge this 
parameter in order to fit the product to a range of user. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
    To bring a product into market, product demands towards customers are to be focused and the product should 
satisfy customer’s expectation. When the product meet customer requirement in terms its specification the term 
“ergonomics" come to play. 
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A wide variety of products are available in the market which defers from each other in their design features. An 
ergonomically designed product should attract the customer as well as provides their comfort requirement. Multi 
criteria decision-making (MCDM) process provides the selection of the most advantageous choice for an alternative 
from a large set of possible alternatives. MCDM is considered as the process of determining the best feasible 
solution in the presence of multiple, potentially conflicting criteria (design characteristics).Various approaches have 
already been developed to help organizations in order to choose the design characteristics for a product and interact 
the product with the customer. Tomio et al. (1995) conducted a subjective evaluation by using semantic differential 
method to find out a relation between design elements and user perception. As human product interaction focuses on 
subjective satisfaction as well as objective performance, it is essential to find relation between user perception and 
design elements considering both perspectives. Nagamachi (1995) in Kansei engineering approach proposed an 
elegant methodology for translating customer requirements of a product expressed in subjective manner into 
objective design attributes using statistical method. Han et al. (2000) established a relation between usability and 
design element by using multiple regression technique. Park and Han (2004) have attempted linear regression and 
quantification theory to make a relation between design variables of a product and affective user satisfaction. Lin et 
al. (2008) proposed analytic hierarchy method (AHP) and technique for order performance by similarity to ideal 
solution (TOPSIS) method to select values for design characteristics of the recommended design alternative. The 
performance of the proposed approach is illustrated and validated using a personal digital assistant (PDA) design as 
an example. Rao and Patel (2009) presented the preference ranking organization method (PROMETHEE) method 
for decision making situations of the manufacturing environment considering both crisp and fuzzy criteria and used 
analytic hierarchy process (AHP) for determining the relative importance of criteria. The proposed approach is 
validated by using cutting fluid selection as an example. Kuo et al.(2008) analyzed data envelopment analysis 
(DEA) and grey relational analysis (GRA) to compare multiple alternatives by considering multiple attributes in a 
facility layout design problem and finally investigated the best plant layout among eighteen alternatives with six 
attributes. 
      In this paper, a hybrid MCDM method is proposed to select the most suitable product (office chair) in order to 
satisfy customer’s satisfaction. Relative weights are assigned to each design characteristic (attribute) to describe the 
DM’s preference information. In this study, we applied the VIKOR method, which was developed for multi-criteria 
optimization for finding a compromise priority ranking of selection of office chair according to the design 
characteristics. The proposed method attempts both subjective and objective weights of qualitative and quantitative 
attributes and integrates them to decide the importance of weights of the alternatives and was presented under fuzzy 
environment in order to consider qualitative criteria.  
Nomenclature 
            
o
jw       Objective weight of j
th attributes 
        sjw     Subjective weight of jth attributes 
        sjw     Integrated weight of jth attributes 
         f     Positive ideal solution 
         f     Negative ideal solution 
 
 
2. Methodology  
 
    Multiple criterion decision making (MCDM) refers to making decisions in the presence of multiple, usually 
conflicting criteria (Rao, 2007) 
 
2.1. Preparation of decision table 
 
Identify the selected criteria for the considered alternative (office chair). Short-list the alternatives on the basis of 
identified criteria satisfying the design system. The criteria are of two types, beneficial (i.e. higher values are 
desired) and non-beneficial (i.e. lower values are desired). A qualitative value or its range may be assigned to each 
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identified criteria as a limiting value. By determining the values associated with the criteria (xij), a decision table is 
formed including values of all criteria for the short-listed Alternative. A ranked value judgment on a fuzzy 
conversion scale is proposed in this paper by using fuzzy set theory. This approach is based on the work of Chen and 
Hwang (1992).  
 
2.2.   Determination of weights of importance of the attributes 
 
        Decision maker decide the weights of relative importance of the criteria either, (a) based on the data of the 
criteria for various alternatives given in the decision table and normalized subsequently or (b) based on his/her 
subjective preferences on the criteria or (c) based on a combination of objective weights and the subjective 
preferences. These three cases are discussed below. The normalized decision matrix for benefited and non benefitted 
criteria can be calculated by equation (1) and (2). 
For benefitted criteria 
 
maxij
ij*
ij x
x
x                                                                                                                                                            (1) 
And for non benefitted criteria:  
ij
min
ij*
ij x
x
x                                                                                                                                                             (2) 
Statistical variance method is used to find out the objective weights of the attributes. The statistical variance for 
objective weights of importance of the criteria is given by the equation 3. 
    2n
1i
mean
*
ij
*
ijj xxn/1v ¦
 
                                        (3) 
Where  vj is the variance of the data corresponding to the jth attribute and  mean*ijx is the average value of *ijx . The 
objective weight can be computed by dividing the statistical variance of the jth attribute with the total value of the 
statistical variances for m number of attributes.  
¦
 
 m
1j
jj
0
j vvw                                 (4) 
0
jw = Objective weight of the j
th attribute,  
Subjective weights of relative importance may be assigned based on the decision maker’s preferences over the 
attributes for the considered application. He/She may assign the 
weights of importance arbitrarily by using analytic hierarchy process (AHP) method proposed by Saaty (2000). 
 
2.3. Integrated weights of importance of the attributes 
 
     DM preferred integrated weights by utilizing both objective and subjective weights of the attributes, described by 
the following equation: 
s
j
So
j
oi
j wWwWw                                                                                                                                            (5) 
Where ijw the integrated weight of jth attribute and WS and WO are the weightage given to the subjective and 
objective weights and the value lies in between 0 to 1.By incorporating the values of WO and WS the importance of 
jth attribute can be determined. 
          
2.4. Compromise ranking method (VIKOR) 
     Compromise ranking method was established by Yu (1973) and Zeleny (1982) and later advocated by Oprocovic 
and Tzeng (2002, 2007) and Tzeng et al (2002, 2005). The compromise solution is closest to the ideal solution, is a 
feasible solution. The compromise ranking algorithm of the VIKOR method has the following steps: 
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2.4.1. The first step is to determine the best, i.e., *jf and the worst, i.e. 

jf , for all attributes. 
iji
*
j fmaxf                                                                                                                                                              (6)     
ijij
fminf                                                                                                                                                                (7) 
2.4.2. Compute the values Si and Ri: i=1,2,…,m.by following relations:   ¦  n1j j*jij
*
j
ji ff
ffwS                                                                                                                                (8)           
   j*jij
*
j
jji ff
ffwmaxR                                                                                                                          (9) 
Where wj are the weights of the criteria, expressing the relative importance. 
 
Compute the values Qi: i=1, 2…m, by the following relation: 
         **i**ii RRRR1SSSSQ XX                                                                            (10) 
 
Where *S  is the minimum value of the iS  i.e. ii
* SminS  and S is the maximum value of Si i.e. ii SmaxS  

 
Similarly *R  is the minimum value of the iR  i.e. ii
* RminR  and R is the maximum value of Ri i.e. 
ii
RmaxR  
 X  introduced as the weight of strategy “the majority of criteria” (or the maximum group utility”), here suppose
5.0 X . 
The results consider the ranking of alternatives by the values of S, R and Q in decreasing order. The compromise 
ranking list for a given X  is obtained by Qi measures. The best alternative, ranked by Qi, is the one with the 
minimum value of Qi.Propose a compromise solution for alternative Ak, under a given weight of attribute. Ak is 
considered as the best rank by Q value (Minimum) if the following two conditions are satisfied (Tzeng et al., 2005): 
Condition 1: ‘Acceptable advantage’:     DQAQAQ 1K t                                                                            (11) 
  1N1DQ                                                                                                                                                        (12) 
 
Where 1A the second best alternative in the ranking by Q. N is the number of alternatives. 
Condition 2: ‘Acceptable stability in decision making’: Alternative Ak must also be the best ranked by S or/and R. 
This compromise solution is stable within a decision making process, which could be ‘‘voting by majority rule’’ 
(when  5.0!X  is needed), or ‘‘by consensus’’ 5.0|X , or ‘‘with veto’’  5.0X . Here, X  is the weight of the 
decision making strategy ‘‘the majority of criteria’’ (or ‘‘the maximum group utility’’). 
If one of the conditions is not satisfied, then a set of compromise solutions is proposed, which consists of:  
1- Alternatives KA  and 1A  if only condition 2 is not satisfied. 
2- Alternatives KA , 1A ,….. PA  If condition 1 is not satisfied; PA  is determined by the relation 
 
    DQAQAQ 1P                                                                                                                                          (13) 
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3. Result and Discussion 
 
    A survey among manufacturers of chairs and opinion of expert specialising on ergonomically designed chair 
revealed that the office chair carrying ten important design characteristics. Relative weights are assigned to each 
design characteristic (criterion) to represent the DM’s preference information. Ten important design characteristics 
(criteria) are Depth of seat (C1), Overall depth (C2), Width of seat (C3), Size of base (C4) and Width height ratio 
(C5), Seat adjustment (C6), Backrest height(C7), Swivel angle(C8), Decoration (C9), Density (C10).Out of ten criteria, 
C1, C2, C3, C4, C5, C6, C7, C8 and C9 are beneficial and C10 is non beneficial criteria. The criteria have been given 
below in table 1. The alternatives (Office chair) are decided based on ten design characteristics (criteria) of 
conflicting nature. A 5-point scale is proposed for representation of the criteria. The present analysis converts 
linguistic terms to their corresponding fuzzy numbers. A team of four decision makers, DM1, DM2, DM3 and DM4 
has been formed to evaluate the alternatives. Four decision makers use the linguistic weighting variables to assess 
the relative importance of the criteria.  
                                                                                  Table 1.Different Criteria 
 
C1 Depth 
C2 Overall depth 
C3 Width of seat 
C4 Size of base 
C5 Width height ratio 
C6 Seat adjustment 
C7 Backrest height 
C8 Swivel angle 
C9 Decoration 
C10 Density 
3.1. Estemation of Decision matrix 
 
Table 2.Qualitative measures of selection criteria 
 
  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
D1 A1 L L VL M L H M M VL L 
A2 M M H H H M M M H L 
A3 L H M M L L H VL VL M 
A4 L VL L H M M H VL M M 
A5 M H M M M M M L VH L 
A6 L L VL M L H M L M L 
D2 A1 M M L H M VH H H L M 
A2 H M H H VH H H H M L 
A3 M H H H M M VH L L H 
A4 M M M VH M H H L M H 
A5 VH H H M H H H M H L 
A6 M M L M M VH M M M M 
D3 A1 H M M M M VH H VH L L 
A2 VH H VH VH VH VH VH VH H M 
A3 H VH H M M H VH L VL H 
A4 H M M VH H VH VH L M H 
A5 VH VH H M H VH H H VH M 
A6 H M M L M VH H M H L 
D4 A1 VL L VL H L M M M M L 
A2 M L M VH M M M L VH L 
A3 L M M M L L H VL L M 
A4 L VL L H L M H VL M M 
A5 M M M M M M M L H L 
A6 VL L VL L L M L VL M L 
 
The linguistic evaluated in Table 2 are converted into triangular fuzzy numbers. Then the aggregated weight of 
criteria and aggregated fuzzy rating of alternatives are calculated to determine the fuzzy weight of each criteria and 
construct the fuzzy decision matrix. Then the crisp rating for decision matrix and weight of each criteria are 
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computed as shown in Table 3. 
 
 
 
 
Table 3. Crisp values for decision matrix 
 
Alternatives Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
A1 0.410 0.41 0.269 0.59 0.41 0.658 0.59 0.600 0.319 0.366 
A2 0.600 0.5 0.645 0.702 0.658 0.600 0.601 0.554 0.645 0.367 
A3 0.455 0.645 0.59 0.545 0.41 0.455 0.703 0.225 0.225 0.59 
A4 0.455 0.313 0.363 0.702 0.5 0.600 0.689 0.225 0.5 0.59 
A5 0.613 0.645 0.59 0.5 0.59 0.601 0.59 0.455 0.703 0.366 
A6 0.410 0.41 0.269 0.41 0.41 0.6582 0.5 0.363 0.545 0.366 
The normalized decision matrix for benefited criteria and for non benefited criteria is evaluated and the values are 
now normalized using equations 1 and 2 depending on type of criteria. The normalized decision matrix is shown in 
Table 4. 
 
Table 4. Normalized decision matrix 
 
Alternative
s 
Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
A1 0.668 0.635 0.417 0.840 0.623 1 0.839 1 0.453 1 
A2 0.981 0.775 1 1 1 0.913 0.854 0.922 0.918 1 
A3 0.743 1 0.914 0.777 0.623 0.692 1 0.375 0.320 0.621 
A4 0.743 0.486 0.562 1 0.760 0.912 0.980 0.375 0.711 0.621 
A5 1 1 0.914 0.711 0.896 0.913 0.840 0.758 1 1 
A6 0.669 0.635 0.417 0.583 0.623 0.999 0.711 0.604 0.776 1 
 
3.2. Estimation of Weight of Criteria 
 
On the basis of statistical variance method, the variance and the objective weights of the attributes are computed 
by using equation 3 and 4. The variance and the objective weight of the data of normalized decision matrix is given 
in Table 5. 
 
Table 5. Objective weights of criteria 
 
Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
Variance 0.0189 0.0369 0.0602 0.0224 0.0220 0.0105 0.0093 0.0598 0.0580 0.0320 
Objective 
weights 0.057 0.112 0.182 0.068 0.0668 0.032 0.028 0.181 0.176 0.096 
AHP is used here to calculate subjective weights of criteria. The value of CR is 0.0654 which is less than 0.1 and 
hence the result is acceptable. The subjective weights are calculated using geometric means and the result is shown 
in Table 6. 
 
Table 6.Subjective weight Design characteristics (attributes) 
 
Criterion C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
Weight 0.143 0.027 0.110 0.065 0.188 0.0611 0.0268 0.0881 0.0259 0.261 
 
3.3. Integrated weights of the criteria (both objective and subjective weights)  
 
The integrated weights of attributes are obtained using equation 5. Table 7 gives the integrated weights considering 
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different weightings of the objective and subjective weights of the ten criteria within the range 0 to 1. 
 
Table 7. Integrated weights of importance of the criteria 
 
Importance 
Weight of 
Objective 
weight (w0) 
Importance Weight 
of Subjective 
weight (ws) 
Integrated Weights of Criteria 
Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 
     
     
1.0 0 0.057 0.111 0.182 0.068 0.067 0.032 0.028 0.181 0.175 0.096 
0.8 0.2 0.074 0.094 0.167 0.067 0.091 0.038 0.028 0.162 0.145 0.130 
0.6 0.4 0.091 0.077 0.153 0.066 0.115 0.0437 0.028 0.143 0.115 0.162 
0.4 0.6 0.108 0.060 0.138 0.066 0.140 0.050 0.027 0.125 0.085 0.195 
0.2 0.8 0.125 0.043 0.124 0.065 0.164 0.055 0.027 0.106 0.055 0.228 
0 1.0 0.143 0.027 0.110 0.065 0.188 0.061 0.0268 0.088 0.026 0.261 
 
The normalized decision matrix based on benefited and non benefited criteria has been shown in table 4. The 
positive ideal solution and the negative ideal solution for the alternatives are calculated using equations 3 and 4 
respectively. The positive-ideal solution and negative-ideal solution are: f * = (1, 1, 1, 1, 1, 1, 1, 1, 1, and 1), f- = 
(0.668445, 0.485991, 0.416653, 0.583383, 0.622911, 0.692054, 0.711443, 0.374821, 0.320459 and 0.621051).For 
ranking alternatives, proposed methodology provides Si, Ri along with the final values of Qi as given in Table 8 
based on Equations. 8, 9 and 10, where i =1, 2, 3. Ranking of the alternatives is illustrated considering weights, wo = 
1 and ws = 0 which is same as the objective weight.  
 
Table 8.The ranking and the compromise solutions. 
 
Weight   A1 A2 A3 A4 A5 A6 Ranking Compromise solution 
wo = 0  ws = 1 S 0.522 0.066 0.786 0.720 0.180 0.618 A2>A5>A1>A6>A4>A3 A2 
R 0.188 0.0176 0.261 0.261 0.051 0.188 A2>A5>A6=A1>A4=A3 A2 
Q 0.667 0 1 0.953 0.150 0.733 A2>A5>A1>A6>A4>A3 A2, A5 
wo = 0.2  ws = 
0.8 
S 0.569 0.120 0.660 0.699 0.187 0.654 A2>A5>A1>A6>A4>A3 A2 
R 0.182 0.049 0.181 0.181 0.047 0.182 A2>A5>A1=A6>A4=A3 A2 
Q 0.888 0.006 0.961 0.995 0.058 0.962 A2>A5>A1>A6>A4>A3 A2, A5 
wo = 0.4 ws = 
0.6 
S 0.560 0.108 0.685 0.702 0.185 0.647 A2>A5>A1>A6>A4>A3 A2 
R 0.168 0.041 0.162 0.162 0.063 0.168 A2>A5>A1=A6>A4=A3 A2 
Q 0.880 0 0.9634 0.978 0.150 0.953 A2>A5>A1>A6>A4>A3 A2, A5 
wo = 0.6  ws = 
0.4 
S 0.550 0.097 0.710 0.7077 0.183 0.640 A2>A5>A1>A6>A4>A3 A2 
R 0.153 0.034 0.162 0.162 0.055 0.153 A2>A5>A1=A6>A4=A3 A2 
Q 0.834 0 1 0.997 0.154 0.906 A2>A5>A1>A6>A4>A3 A2, A5 
wo = 0.8 ws = 
0.2 
S 0.540 0.086 0.735 0.711 0.182 0.631 A2>A5>A1>A6>A3>A4 A2 
R 0.140 0.026 0.195 0.195 0.048 0.140 A2>A5>A1=A6>A3=A4 A2 
Q 0.684 0 1 0.981 0.138 0.754 A2>A5>A1>A6>A3>A4 A2 
wo = 1  ws = 0 S 0.530 0.076 0.760 0.715 0.180 0.624 A2>A5>A1>A6>A3>A4 A2 
R 0.163 0.020 0.228 0.228 0.045 0.163 A5>A1>A4=A3>A1=A6 A5 
Q 0.678 0 1 0.966 0.140 0.746 A2>A5>A1>A6>A3>A4 A2, A5 
 
Here in this proposed work we have       1k AQAQ  0.140 < 0.20.As the acceptance advantage (Condition 1) is 
not satisfied, there must be a compromise solution consisting of first two alternatives for which the inequality     DQAQAQ 1p   must be attained. In this example M=5. In other words, the alternative in the second 
position (Q5 ) forms a compromise solution together with the alternative (Q2 ) in the first position. 
i
c1w
i
c2
w ic3w
i
c4
w ic5w
i
c7
wic6w
i
c8
w ic9w
i
c10
w
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4. Conclusions 
In this study, we presented a MCDM methodology for Office chair selection. The method was applied using data 
from different office environment. VIKOR method has been highlighted to select best office chair considering 
optimum set of designed characteristics through multi-criteria decision making problem. In order to combine the 
desired properties of the two weighting methods, both subjective and objective weights of selection criteria were 
considered simultaneously in the developed approach. 
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